
r

i

,

I

copyt
RML

NACA -’-3
-..,

‘.. .

A_23

RESEARCH MEMORANDUM-

EFFECTS OF AN ALL-MOVABLE

WING -TIP CONTROL ON THE LONGITUDINAL STABILITY OF A

60° SWEPTBACK-WING-INDENTED -BODY CONFIGURATION

EQUIPPED WITH FENCES AT TRANSONIC SPEEDS

By Thomas L. Fischetti and Donald L. Loving

Langley Aeronautical Laboratory
Langley Field, Va,

cl&srFrmDocm.mrr
Th18mM3rial cOn*iufOrnxatlOndfectlng@ IWimxilMwOf&mMM tibti~

of the espx lam, Title 18, WAC., &m. 703 and W, the t-aramLwOn or mvoldlon of which In any

mamk3rt0an mmnttorizedp8m0nla prohlbitdtglm.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

Apti 4, 1955
1

_.-Y . .

.

..— __. .
. . . . . . . :--- . . .. >.- .- —.-.—.



1
TECH LIBRARYKAFB.NM

lY

.

MACARML~L30 Ilflllulmlulwillll0144232
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

., RIWMRCH MEMORANDUM

EETWTS OF AN ALL-MOVABLE

WINGTIP CONTROL ON THE LONGWINAL STABIUTY OF A

EQUIPPED WITH FENCES

By Thomas L. Fischetti

.

AT TRANSONICSPEEDS

and Donald L. Loving

SiJMMARY

An investigation has been made to obtain the effects of a 20-percent-
semispan all-movable wing-tip control (which was deflected -5° and -10°)
on the longitudinal st&biM@ characteristics of a twisted sad canbered

u 600 sweptback-wing-indented-body configuration equipped with fences at

-S of att=kw~ch gener~v=ied from 0° to 16° and over the Mach
number range of 0.80 to 1.13. The Reynolds number based on the mesn..
aerodynamic chord varied from 2.01 X 106 to 2.22 X 106.

ticreased negative (trailing edge up) control deflection csused the
pitching-moment curves to shift in a positive direction but hsd little
effect on the Mft coefficient for which the unstsble break in the moment
curves occurred. The longitudinal-controleffectiveness remained constant
at a value of 0.00435 throughout”the test Mach nuuiberrange. For the
control deflections tested, the maximum Uft coefficient for which the
configuration could be trimed below the unst~le break in the pitching-
moment curves ~ecreased from approximately 0.55 at a llachnumber of 0.80
to 0.26 at alfachnuniber of 1.13.

tivestigations of all-movable wing-tip controls (refs. 1 and 2) on
wings of varied sweep have indicated that such a device wouldbe effective
for longitudinal control. It has also been shown in reference 3 that
improvements in longitudinal stsbility csnbe obt.ainedby negative
(trailing edge up) deflection of all-mov~le wing-tip controls. On the

. basis of these investigations, an &U-movable wing-tip control appeared
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to be a suitable means of longitudinal control for a 600 sweptback-wing—
indented-body configurationwhich had been tested previousv (ref. 4).

“

An investigation, therefore, has been conducted in the Langley 8-foot
trsnsonic tunnel of the effectiveness of a 20-percent-semispsnwing-tip
control on the ssme wing-body configuration of reference 4. The configu-
ration of reference 4 exhibited undesirable longitudinal stabili~ char-
acteristics at moderate Mft coefficients which were improved by the
addition of fences (ref. 5). The configwation of the present investi-
gation was equipped with the same fences reported in reference 5.

The data reported herein were obtained for several negative (trailing
edge up) control deflections over a Mach number range of 0.80 to 1.13 and
an angle-of-attackrange which generaldy vsried from 0° to 16°. The

Reynolds mmiber based on the mean aerodynamic chord varied from 2.01 X 106
6to 2.22x 10 .

COETFICIZNTS

The test data are presented as
and moments. The data are refen?ed

AND SYMBOIS

standard NACA coefficients of forces
to a set of sxes coinciding with the

wind sxes, the origin ofwhichwss located on the body sxis at the same
longitudinal position as the qusrter-chord of the wing mean aerodynamic
chord.

CL ld.ftcoefficient, Lift/qs

CD drag coefficient, m/@

% pitching-moment coefficient, Pitching moment/qSE

L/D lift-drag ratio

~ free-stream dynsmic pressure, lb/sqft

t? meal

s wing

b/2

aerodynamic chord, in.

area, sq ft

Senlispm, in.

M free-stresm Mach number

a angle of attackofbody sxis, deg
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.
5 angle of deflection of wing-tip control, positive when

trailing edge is down, deg
.

%
rate of chmge of pitching-moment coefficient with wing-tip

control deflection per deg (a is constant)

%’ rate of change of pitching-moment coefficient with lift
coefficient (6 is constant)

APPARATUS AND MEmoDs

Tunnel

The t@sts were conducted in the Langley 8-foot tr&sonic tunnel which
is a single-return wind tunnel hswi.nga dodecagonal, slotted test section.
The use of longitudinsllslots allows testing through the speed of sound
with negligible effects of choking.and blockage. The tunnel operates at
atmospheric stagnation pressures.

.
Configurations

The configuration used in this investigationhsd awing with
600 sweepbackof the quarter-chord line, an aspect ratio of4, and a
taper ratio of 0.333. The wing was twisted and ceiiberedto approximate
a uniform load at a Eft coefficient of 0.25 snd a Msch numiberof 1.4.
The wing waE constructed of steel with a thiclmess distribution which
varied from 12 percent at the root to 6 percent at 50 percent of the
semispan and remained constant at 6.Percent to the tip (fig. 1). NACA
64A-series airfoil sections were.employed. The body wss indented for a
Mach nuniberof 1.4 according to a supersonic area rule. !l!hisconcept,
along with more detsils of the wing and the coordinates for the wing .smd
body, has been presented in reference 4.

The wings had fldl-chord upper-surface fences at 50 percent and
75 Percent of the W@ sem.ispm on each wing panel. Detfils of the fences
have been presentd in reference 5. The wing-tip controls comprised the
outboard 20 percent of each wing semispan and were deflected about a hinge
sxis nomal to the plane of syme~ at 65 percent of the wing chord at
the 80-percent-semispan station. A chordwise gap of O.Ol”inch existed
between the control surface and the wing. The area of the controls was
equivalent to 10.4 percent of the wing area which was one square foot.
Winch as the wing was twtsted and csnibered,control deflections were
measured with reference to the 87.5-percent-semispan station, which was

“ twisted appro~tely -5° with respect to the fuselage center We
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(fig. 1). Control deflections of 0°, -5°, and -10° when referred to the
fuselage center.We would be appro-tely -5°, -10°, and -15°, respec-
tively. A photograph of the configurationwith -10° wing-tip control
deflection is shown as figure 2. A drawing of the configuration is pre-
sented in figure 3. For the 0° control deflection a steel insert was ,
placed in the wing leq edge to prevent changes in control setting
due to control loading. For control deflections of -5° snd -10°, the
control was held securely in place by a soldered metal strip (fig. 3).
Although aeroelastic effects on control lift snd pitching-moment effec-
tiveness mqy,tend to be adverse for this @_pe of control, the results of
reference 6 indicate that for these tests the effects would be small.

Tests

The model was attached to a sting-support systemby mans of a three-
component electrical strain-gage balance. Control deflections of 0°, -5°,
and -lOOwerg tested over the Mach numiberrange of 0.80 to 1.13. The
angle of attack was measuredly apendulum-type inclinometer aud generally
varied from 0° to 16° but in some caaes was as high as 18°. The Reynolds
tier based on a mean aerodynamic

6 62.OIX 10 to 2.22x 10 .

Corrections

The drag data for these tests
free-stream static pressure at the

chord of 6.5 inches varied from

and ACCUrWy

have been adjusted to the condition of
bsse of the model. No corrections

have been msde for the interference effects of the “sting-supportsystem.
The accuracy of the lift, drag, and pitching-moment coefficientsbased on
balance design and repedxibi~ty of the datawss *0.003, *0.001, and *0.003,
respectively. The accuracy of the =asured angle of attack is believed to
be &l.lOO, ad the accuracy of the control deflections was *0.15°. The
local deviations of the free-stnwmltach nuuiberin the region of the model
were no larger than 0.003 at subsonic speetij with increases in speed, the
deviations increased but did not exceed 0.010 at a Mach nuniberof 1.13.
The data presented sre essentially free of boundary-reflected disturbances.
However, at allachnuniber of 1.13, a reflected disturbance crossed the
tips of each wing so that approximately one third of the area of the tip
control was tifected. It is believed that the effects of this disturbance
would be felt mainly on the pitching-mommt snd drag results. An exami-
nation of the results for the Mach nuniberof 1.13 indicates no noticeable
effects on the pitching moment; however, the drsg results appear to be
affected. No corrections have been applied to the drag results for the
effects of this disturbance.

.
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The longitudinal aerodynamic characteristics of the 600 sweptback-
W.ng-indented-body cotiiguration with the wing-tip controls deflected 0°,
+“, snd -10° are presented in figure 4 for the various test Mach numbers.
The effects of control deflection on the longitudinal stabilt~ of the
model are presented in figure 5, and the VarLation of control pitching-
moment effectiveness with Mach number is presented in figure 6. ld,though
the configuration tested does not represent a complete.configuration, the
trmd and untrimmed drag coefficients and lift-drag ratios till be pre-
sented, in subsequent figures, to .tid.icate,qualitatively, some effects
of triming the configurationwith a wing-tip control.

Effects on longituainal stdlili~ and control.- bcressing the nega-
tive tip-control deflection shifted the pitching-moment curves b aposi-
tive direction (fig. 4(c)). The variation of the slope of the pitching-
moment curves C%L, averaged in the IM’t-coefficient rsnge of O to O.~

for the three control deflections tested (fig. 5), shows that, for the.
Mach number range tested, increased negative control deflection generaUy

. resulted in increased st~i~ty.

Deflecting the wing-tip control had onIy small effects on the
unstdle break in the pitching-moment curve, which occurred at a lift
coefficient slightly below 0.60 for the 0° control deflection. Ib general,
deflecting the tip -5° slightly increased the lift coefficient at which
the unstable break occurred, ~eas increasing the deflection to -10°
decreased the lift coefficient for the unstable break (see fig. 4(c)).

The variation of the longitudinal-controleffectiveness parameter
~ with Mach number, averaged at constant angles of attack over the

lift-coefficient range of O to O.= (fig. 6), shows that the effectiveness
of the tip controls remained constant at a vklue of 0.00435 throughout the
Mach number range tested. The value ~ = 0.00435 is of the ssme order

of magnitude as that obtained in reference 1 over a similar Mach numiber
range for a tip control with either a triangular or a trapezoidal plan
form on a wing with a 51.3° sweptback lesding edge.

The maximum UPt coefficient, for which this configuration could be
trimmed below the unstable break in the pitching-moment curves, decreased
for the control deflections tested from a value of 0.55 at a Mach number
of 0.80 to 0.26 at a Mach nuniberof 1.13. The out-of-trim pitching
moments, however, for this configurationwere generalJy small and, for a
selected trim condition of 35,000 foot altitude and a wing loadlng of.
100 pounds per squsre foot, the wing-tip control deflections required to

..-,. ‘.’- ‘
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trti this configuration over the Mach n~er range of 0.80 to 1.13 would
.

be of the order of those tested (-5° and -10°) (fig. 7). For any altitude
below 35,000 feet, or any wing loading ‘lessthan 100 pounds per square
foot, the control deflections required would natursd.lybe less.

Effect on drag coefficient.- Dsflecting the tip controls negatively
increased the drag at all Mach nunibersfor the range of lift coefficients
tested (fig. 4(b)). The increase inmimimmm dreg for 5 = -10° was more
than twice as ~eat as for b = -5°, and the lift coefficient at which
this minimum drag occurred increased with increasing control deflection.

The trinmed and untrimmed drag of this configuration for the selected
trti condition is presented in figure 8. The drag due to trim remained
constant up to a Mach number of 0.95; above this value the drag increased
slightly. The drag due to trim (represented in fig. 8 by the region
between the two curves) represents a small part of the total trimmed drag
ad reflects the low out-of-trim pitching-mment valhes noted previously.

Effect on lift-drag ratio.- Tnbmning this configuration with wing-tip
controls reduced the ~ untrimmed lift-drag ratio by approximately
9 percent at aMachmmber of 1.0 and20 percent at ahfachtier of 1.13
(fig. 9). For the specific trim conditions of 35,000 foot altitude and
a wing loading of 100 pounds per square foot, the trimned lift-drag ratios -
closely approximate the msximum trirmnedlift-drag ratios in the Mach num-
ber range of 0.90 to 1.13.

CONCUSSIONS

Results of an investigation over the Mach nurtiberrange of 0.80
to 1.13 of the effects of a 20-percent-semispanwing-tip control (which
was deflected -5° and -10°) on the longitudinal stability of a twisted
smd canibered600 sweptback-wing-indented-body configuration equipped
with fences at angles of attack which generslly varied from 0° to 16°

and over the Reynoliisn’wiberrange of 2.OIX 106 to 2.22 X 106 indicate
the following:

1. Increased negative control deflection (trslling edge up) shifted
the pitching-moment curves positivdy but had little effect on the lift
coefficient for which the Unstdle break occurred in the pitching-moment
curve.

2. The longitudinal-controleffectiveness parsmeter
%

remained

constsnt with Mach nunber at am.lue of 0.00435.

1,
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3. The maximumlift coefficient for the control deflections tested,
for which the.configuration could be trimmed below the unstable break in

.. the pitching-moment curve, decreased from 0.55 at a Mach number of.O.80
to 0.26 at alfach number of 1.13.

Langley Aeronautical Laboratory,.
National Advisory Committee for Aeronautics,

Xey Field, Vs., Deceniber20, 1954.

lumEmNcEs

1. Moseley, Willism C., Jr., aud Watson, Jsmes M.: tivestigation of
Wing-Tip Ailerons on a 51.3° Sweptback Wing at Transonic Speeds by
the Transonic-Ikmp Method. NACARML5U127, 1951. -

2. Trant, Jsmes P., Jr.: An Investigation of IOngitudinal tiontrolChar-
acteristics of a Wing-Tip Control Surface on a Sweptback Wing at
Transonic Speeds by the NACAWing-Flow Method. NACARML52B15a,

. 1952.

3. Lange, RoYH., and Fink, Marvin P.: Effect of aDeflect~le Wing-
. Tip Control on the bw-speed Lateral and Longitudinal Character-

istics of aLarge-Scsle Wing With the Leading Edge Swept Back k7.5°.
NACARML51C07, lg51.

k.,whitcoti, Richard T., and Fischetti, Thomas L.: Development of a
Supersonic Area Rule and an Application to the Design of a Wing-Body
Combination Having Ill@ Lift-to-Drag Ratios. NACARM L53~la, 1953.

5. Fischetti, Thomas L.: Effects of Fences, Lesding-lklgeChord-Extensions,
Boun.dary-LsyerRamps, and Trsillng-EHge Flaps on the Imgitudinal
Stabili@ of a!hi.sted and Csmbered 600 Sweptback-Wing-hxlented-Body
Configuration at Trsnsonic Speeds. NACARML~D@a, 1954.

6. Osborne, Robert S., and Wgler, John P., Jr.: Effects of Wing Elss-
tici~ on the Aerodynsmi.cCharacteristics of a 45° Sweptback-Wi.ng—
Fuselage Combination Fkasured in the Langley 8-Foot Transonic Tunnel.
NACA RM L52G23, 1952.

*l@iiiT~
-——.-.-.——.-— ..—~ -— — —— —.— -.



—. .— —. .——— .—. .——___

NAC!ARML54L30

.

7

o’
I ~ -Body center line

m \

:- –2 \
.—
~ I

75
< –4
F
< IL

-6
I

“O 20 40 60 80 100
Percent sernispan station

Figure 1.- Spsnwise distribution of section thichess ratio, angle
of twist, and msximum canber for sweptback-wing-indented-body
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Sweptback—wing-indented-bcdy configuration tith 20-percent-
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Flguce 3,- DetaU.s of aweptback-wing-imlenti-bdy configuration with
20-percent-semispan all+mvable wing-tip control. AU Flinmu3iom =
in inches.
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Figure 5.- “‘tiati”n ‘f C%L with Mach number for sweptback—wing—

indented-body configurationwith 20-percent-semispanwing-tip con-
trol deflected 0°, -5°, and -1OO. CL = O to 0.25.
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indented-body configurationwith 20-percent-semispanwing-tip
control. “
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Figure 7.- Variation with Mach m.niberof wing-tip control deflections
required for trim at altitude of 35,000 feet snd wing loading of
100 pounds per square foot.
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Figure 9.- Variation with Mach nuniberof maximnnuntrhned and trimed Uft-
drag ratio, end trimed lift-drag ratio for altitude of 35,000 feet and
wing loading of 100 pounds per square foot.
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